Introduction
Tremendous efforts on exploring new high-electronmobility transistor (HEMT) designs [1] [2] [3] [4] have been made during the last few decades. Different from using the opaque metal gates [5] [6] , Pei et al. [7] has lately demonstrated an AlGaN/GaN HEMT with an ITO gate to improve the transparence of the gate electrode. However, the drawbacks of ITO include chemical instability, higher production cost, toxic nature, and high diffusivity property of the indium element. In order to improve the cost-effective and device performance, ZnO, with a wide band-gap of 3.3 eV at room temperature, becomes more attractive to the optoelectronic systems, owing to its good optical, electrical, and piezo-electrical properties. Therefore, this report demonstrates the fabrication of an AlGaAs/InGaAs HEMT with an Al-doped zinc oxide (AZO) transparent gate, as compared to a conventionally Au-gated device. The present device has shown improved gate isolation property, voltage gain, and current drive capability. Besides, owing to high transparent property of the AZO film, the present design is promising to be applied to high-speed, high-temperature OEIC technologies. Figure 1 shows the epitaxial structure of the studied AZO-gated HEMT (AZO-HEMT), grown by the metal-organic chemical vapor deposition (MOCVD) system, including a 500-nm undoped GaAs buffer on a (100)-oriented semi-insulating GaAs substrate, followed by a superlattice buffer consisting of two periods of 50-nm Al 0.22 Ga 0.78 As/50-nm GaAs composite layers, a Si inverted δ-doped (1 × 10 12 cm -2 ) monolayer, a 5-nm undoped Al 0.2 Ga 0.8 As spacer, a 15-nm undoped In 0.2 Ga 0.8 As channel, a 5-nm undoped Al 0.2 Ga 0.8 As spacer, a Si upper δ-doped (4 × 10 12 cm -2 ) monolayer, a 40-nm undoped Al 0.2 Ga 0.8 As Schottky contact layer, and finally a 10 nm n + -In 0.01 Ga 0.99 As (3 × 10 18 cm -3 ) cap layer. -off characteristics due to the devised superlattice buffer layer to greatly reduce the electron injection into substrate. Therefore, effective suppression of the substrate leakages leads to superior carrier confinement and pinch-off characteristics. Figure 3 shows the transferred extrinsic transconductance and saturated drain-source current density as a function of the gate voltage for both devices, at V DS = 3 V. Clear shift of threshold voltage (V th ) was observed due to lower work function of AZO (~ 4.3 eV) than that (~ 5.1 eV) of Au. Besides, owing to higher electrical conductivity of Au-HEMT than AZO-HEMT, the Au-HEMT shows higher maximum extrinsic transconductance value (g m, max ) than that of the AZO-HEMT. However, the AZO-HEMT shows improved gate-voltage swing (GVS = 1.18 V) linearity property. The GVS range is defined as the available gate-source bias range at a drop of 10% from its g m, max value. Figure 4 (a) shows the two-terminal gate-drain breakdown characteristics for both devices at 300 K. The two-terminal gate-drain breakdown (BV GD ) and turn-on voltages (V ON ), defined at |I GD | = 1 mA/mm, were found to be -55.8 (3.4) V and -13 (1) V for AZO (Au)-HEMT, respectively. Distinguished improvement in breakdown and turn-on voltages of AZO-HEMT are due to the devised zinc oxide material as the gate, leading to the greatly improved gate-drain isolation properties. As shown in Fig. 4(b) , the corresponding I DS ranges for GVS operation were determined to be 148 (132) mA/mm for the AZO (Au)-HEMT. Figure 5 shows the temperature-dependent characteristics of g m, max and V th for temperature ranging from 300 K to 450 K at V DS = 3 V. The threshold voltages of AZO (Au)-HEMT were found to be -2.0 (-1.553), -2.083 (-1.572), -2.105 (-1.634), -2.142 (-1.685), -2.18 (-1.747), and -2.224 (-1.805) V at 300 K, 330 K, 360 K, 390 K, 420 K, and 450 K, respectively. The thermal threshold coefficients (∂V th /∂T) of AZO (Au)-HEMT device are -1.49 (-1.67) mV/K. The AZO-HEMT has shown improved thermal stability characteristics, due to the uses of the AZO gate and the superlattice buffer. 
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In summary, the proposed AlGaAs/InGaAs HEMT with an AZO-gate has demonstrated improved breakdown, device linearity, and thermal stability characteristics in comparison with a conventional Au-gated device. The AZO gate can not only enable the optical characterization of the HEMT, but also facilitate the high-gain, high-power OEIC applications. 
